portion from these hydrolysed concentrates (itself completely iiiactive in rats in daily doses of about 2 mg.) was coupled with ,B-alanine, using the method employed by Woolley et at. [1939, 2] for regeneration of the chick anti-dermatitis factor, the reconstituted material was found to be fully active when fed to rats in daily doses of about 1 mg. These results correspond with those obtained by Woolley et al. [1939, 1, 2] with the chick factor. We also commenced, in common with many other investigators [Subbarow & Rane, 1939; Babcock & Jukes, 1940; Reichstein & Griissner, 1940*] , the synthesis of /3-alanides of various dihydroxyvaleric acids, partly in the hope of obtaining an active substance but more especially with a view to studying the chemical behaviour of mixtures of these compounds. Of the compounds prepared y:&-dihydroxyvaleryl-/3-alanine has not hitherto been described; details of the preparation of its methyl ester are given in the ex perimental section.
* Through the kindness of Prof. Reichstein we were privileged to see the manuscript of a paper on this subject which was submitted to the Helvetica Chimica Acta May 1940. The actual published paper we have not up to the present been able to obtain. Biochem. 1940, 34 ( Black et al. 1940] . It is this material to which Black et al. [1940] now apply the term "factor-W", a designation formerly applied to a mixture of factors which included pantothenic acid and vitamin B6.
We have now obtained further evidence that our third factor-factor yis a biological entity. Rats receiving, as source of the unidentified B2-vitamins, acid-autoclaved whole extract of liver together with concentrates of factor ac and factor P. show a growth rate of about 35-40 g. per week as compared with about 20 g. per week with acid-autoclaved whole extract of liver, 15 g. per week with concentrates of factorP and about 30 g. with concentrates of both factorsa and fi. Theremust therefore be at least one further factor (y) present in acidautoclaved wbole liver extracts. Details of these experiments will be published later. Whether these three factors a, ,B and y are together sufficient to produce optimal growth in rats receiving supplements of aneurin, riboflavin and vitamin B6 we wish at present to leave an open question. Experiments designed to test this and to effect the purification and isolation of factors fi and y are at present in progress.
EXPERIMENTAL Titration experiment8
The results of a series of microtitration experiments on a typical liver ifitrate factor concentrate (concentrate 45, containing 1 rat day dose in 0-72 mg.) are set out in Table 1 . I8olation of fi-naphthalenes8lphonyl-fl-alanine A portion (2.4 g.) of liver filtrate factor concentrate 45 (containing 1 rat day dose in 0-72 mg.) was heated to 1000 for 2 hr. with N H2SO4 (100 ml.). After cooling, the solution was extracted 6 times with ethyl acetate (100 ml.). The aqueous acidic phase was freed from sulphate ions with barium hydroxide, evaporated to dryness and treated with conc. HCI (30 ml.). Excess acid was removi in vacuo and the dry residue extracted with 95 % ethyl alcohol (2 x 100 ml.); the alcoholic extracts on evaporation yielded an oil. This was taken up in water (200 ml.) and freed from chloride ions by shaking for 1 hr.
with a suspension of silver oxide (from 15 g. AgNO3), the excess of silver ions then being removed by H2S. After ifitration the solution was concentrated to 8 ml. and a portion (2 ml.) treated with alkali and shaken with an ethereal solution of ,B-naphthalenesulphonyl chloride (250 mg. in 15 ml. ether) as described by Weinstock et al. [1939] Reconstitution of pantothenic acid The method used was. analogous to that described by Woolley et al. [1939, 2] . Liver ifitrate factor concentrate 48 (13.08 g.) was heated to 1000 with N H2SO4 (200 ml.) for 2 hr. After cooling, the solution was adjusted to pH 7-5 with NaHCO3 and lactonic material was extracted with ethyl acetate (6 x 100 ml.). The .dry weight of the extracted material was 2-80 g. A portion (1:231 g.) was heated with N NaOH (15 ml.) at 100°for 1 hr., the solution evaporated to dryness and the residual solid heated to 970. with acetic anhydride (30 ml.) for 1 hr. Excess acetic anhydride was then removed under reduced pressure and the acetylated material was treated with thionyl chloride (45 ml.) at room temperature for 1 hr.; excess of the reagent was then removed under reduced pressure. The residue was taken up in dry pyridine (10 ml;), freshly prepared ,-alanine ethyl ester (6 g.) added and the mixture left at room temperature for 1 hr., after, which the pyridine was removed under reduced pressure. The residual material was taken up in water (100 ml.), acidified to pH 1 with H2SO4
and extracted with ethyl acetate (6 x 100 ml.). On evaporation the extracts yielded a brown oil which was hydrolysed by standing for 1 hr. at room temperature in alcoholic NaOH (2 g. NaOH in 70 ml. ethyl alcohol). Excess alkali was neutralized with alcoholic HCI and, after removal of NaCl by ifitration, the solution was evaporated, leaving a brown oil. The results of the biological test on this material together with the tests on the lactone fraction and the original liver filtrate factor concentrate are recorded in Table 2 below.
Biological tests
The method used for the estimation of liver filtrate factor differed from that previously described [Edgar et al. 1938] The results of tests on relevant materials are given in Table 2 . The amount of calcium d-pantothenate at our disposal was limited and permitted of only one animal being tested on the 25 and 50 ,ug. daily dose levels. The growth rates observed in these animals indicate, however, that the rat day dose of this factor is > 25 ug. and is probably about 50 ,utg.
y:8-Dihydroxyvaleryl-fl-alanine methyl ester This was prepared by condensing allylacetyl chloride and fl-alanine ethyl ester to give allylacetyl-,B-alanine ethyl.ester which was hydrolysed to allylatetyl-/3-alanine. The latter was then oxidized in neutral solution with barium permanganate to y:8-dihydroxyvaleryl-/3-akanine which was isolated as the methyl ester. Freshly prepared /3-alanine ethyl ester' (11 g.) in dry pyridine (30 ml.) was treated at 00 with allylacetyl chloride (11 g.) and the reaction mixture heated to 900 for 16 hr. The solid mass formed on cooling was extracted with ether and, after removal of the ether, the residue was acidiffed with N HCl (20 ml.) and the crude allylacetyl-,B-alanine ethyl ester isolated with CHC13. Hydrolysis of this to the free acid was accomplished by letting it stand at room temperature with occasional shaking for 1 hr. with N NaOH (86 ml.) followed by neutralization with N HCl (86 ml.). The solution was evaporated under reduced pressure, the residue extracted with absolute alcohol and the extract evaporated.
The product was dissolved in acetone and ifitered from traces of ,B-alanine; evaporation yielded allylacetyl-f3-alanine (6.9 g.) which after recrystallization from b-enzene-light petroleum had M.P. 700. (Found: C, H, 7'5; N, %; C8H1303N requires C, 5641; H, 7*7; N, 8.2 %.) A portion of this material (6.23 g.) was neutralized with Ba(OH)2 solution and dissolved in water (600 ml.); a solution of barium permanganate (6-79 g. of 98 % Ba(MnO4)2 in 600 ml. H20) was added with stirring during 1 hr. The precipitated manganese dioxide was filtered off and Ba ions were removed by H2S04. Evaporation in vacuo yielded a yellow oil which was extracted with absolute alcohol. The syrupy y:8-dihydroxyvaleryl-,B-alanine obtained on evaporation of the alcohol failed to crystallize and attempts to obtain a solid benzyl-thiuronium derivative were unsuccessful.
The crude material was therefore dissolved in alcohol, treated with diazomethane and the resulting methyl ester purified by molecular distillation.
y:8-Dihydroxyvaleryl-.f-alanine methyl ester distilled at 80-90/10-5 mm. as a colourless syrup which subsequently set to a hygroscopic crystalline mass M.P. 48-49°. (Found: C, 50-2; H, 7-9; N, 6.2%; C9H17706N requires C, 49-3; H, 7-8; N, 6-4%.) SUMIMARY 1. Liver filtrate factor has been shown to be identical with pantothenic acid.
2. Evidence is presented that the factor in liver extracts which is neither adsorbed by fuller's earth nor extracted from acid aqueous solution by amyl 1.339 alcohol is a biological entity (factor fi) and that a third unidentified factor (y) is present in acid-autoclaved whole extract of liver.
3.' A synthesis of y: 8-dihydroxyvaleryl-fl-alanine methyt ester is described.
